In rodents, the variable coding sequence (VCS) multigene family displays extensive evolutionary divergence in the protein-coding region. While certain VCS genes coding for proline-rich proteins (hPR-PB, mMSG1, rPR-VBI) are conserved in primates and rodents, others seem to be specific to certain genera. This appears to be the case for the Rattus genes forming the A-subclass. This subclass is composed of three genes in R. norvegicus and probably five genes in R. ruttus. The first described VCSA gene (Rn. VCSAI) was found to encode a prohormone-like protein named SMRl (-VAl), expressed mainly in the submandibular glands (SMG) of male rats. To further understand the evolution of this variable multigene family, we have cloned the two additional genes (Rn. VCSA2 and Rn. VCSA3) forming the R. norvegicus A-subclass and three VCSA genes (Rr. VCSAla, h and Rr. VCSA2) of R. ruttus. The putative SMRI proteins encoded by all these genes display the same prohormone-like structure as Rn.SMRl-VA I. However, we observe a polymorphism in some internal cleavage sites which suggests that multiple processing of the SMRl proteins could result in the liberation of peptides differing in structure and length. The phylogenetic analysis of the sequences reveals that the duplication events giving rise to the VCSAI, -A2, and -A3 progenitors were anterior to the R. norvegicus and R. ruttus split, and that a VCSAI duplication event likely occurred specifically in R. ruttus. A striking observation is that the coding sequences of the VCSA genes have rapidly diverged from their ancestors. Along all branches of the phylogeny, the nonsynonymous divergence rate is identical or superior to the synonymous divergence rate. We suggest that frequent changes in functional requirements are mainly responsible for the episodic evolution and the rapid divergence of the VCSA genes.
Introduction
Salivary glands have multiple functions in mammals mainly via the production of saliva. Saliva is a pooled secretion from the major salivary glands, i.e., the parotid, submandibular, and sublingual glands, and from minor salivary glands found in the submucosa of most regions of the oral cavity. Salivary proteins are involved in digestion control of oral microflora, tissue maintenance, and even behavior (Hainsworth and Stricker 1970; Ball 1993; Etzel 1993) . When the salivary glands of different species are compared, a diversification in cell structure and secretory products is strikingly obvious (Phillips, Tandler, and Nagato 1993) . Such a diversity is also evident in a given species among the different classes of salivary glands (Ball 1993) . The extent of this phenomenon raises questions about the mechanisms that promote diversity and about the biological significance of these rapid evolutionary changes. We have previously described related genes expressed in the submandibular glands of rodents and displaying extensive evolutionary divergence in the protein-coding region (Rosinski-Chupin and Rougeon 1990; Courty, Rosinski-Chupin, and Rougeon 1994; Tronik-Le Roux, Sefiorale-Pose, and Rougeon 1994). The new gene family has been named VCS for variable coding sequence. In Rattus not-vegicus, the VCS gene family encompasses at least 10 related members which are clustered on chromosome 14, in the p2 l-p22 region (Rosinski-Chupin et al. 1995) . In previous papers, the molecular cloning of two R. nowegicus VCS genes has been reported (Rosinski-Chupin and Rougeon 1990; Courty, Rosinski-Chupin, and Rougeon 1994) . Their sequences show an overall similarity of about 70'%, with the exception of a hypervariable region located in the middle of the third exon. In this region, the structure and the nucleotide sequence are not related. As a result of this variability, these genes code for proteins which are very different in structure and amino acid content. The VCSAI gene codes for SMRl (-VA]) (RosinskiChupin, Tronik, and Rougeon 1988) , which is the precursor of a pentapeptide and of a hexapeptide containing the Gln-His-Asn-Pro motif. The maturation products are present in saliva, the hexapeptide being also released into the bloodstream following stimulation by catecholamines (Rougeot et al. 1994) . The VCSBl gene encodes a proline-rich protein (PR-VB 1) (Courty, Rosinski-Chupin, and Rougeon 1994) homologous to the Mu.7 musculus MSGl protein (Tronik-Le Roux, Sefiorale-Pose, and Rougeon 1994) and to the human proline-rich peptide P-B (Isemura and Saitoh 1994) . While the presence of homologous proteins in primates and rodents implies an ancient evolutionary emergence of the VCSB gene subclass, the emergence of the VCSA subclass seems specific to the Rattus genus (Tronik-Le Roux, SefioralePose, and Rougeon 1994; M. Sefiorale-Pose, personal communication) .
The VCSA subclass is composed of three genes in R. nowegicus and of at least five genes in R. ruttus (Singer, Courty, and Rougeon 1995 Five micrograms of poly(A)+ RNA prepared from 18-day-old male and female wistar rats were used to generate a cDNA library using the ZAP-cDNA synthesis kit (Stratagene) according to manufacturer's instructions. The recombinant lambda-DNA was packaged using Gigapack@ II Gold packaging extract (Stratagene). The lambda library was plated on the E. coli cell line SURE@ and screened with the A2-2 oligonucleotide, 5'-GGTACCTAGTTGACCAACTGTT-3', specific for the third exon of the Rn. VCSA2 gene. The positive cDNA clones were sequenced as described above.
PCR Amplification
and Cloning of the Third Exon of the Rn. VCSA3 Gene and the R. rattus VCSAI and -A2 Genes Twenty-five micrograms of R. norvegicus genomic DNA were digested by EcoRI and electrophoresed through 0.8% Seakem agarose. DNA fragments of 4.5-6.5 kb in length containing the Rn. VCSAS gene were recovered and used as templates for PCR amplification. The third exon of different R. rattus VCSA genes was obtained by PCR of total genomic DNA digested by EcoRI. PCR was performed with 30 cycles in a Hybaid thermocycler, using a first cycle of denaturation for 10 min at 94°C annealing for 1.30 min at 60°C and an extension at 72°C for 1 .O min. Starting from the second cycle, the denaturation time was 1.0 min. The lOo-l_~L reaction mixture contained 100 pmol of each primer, 4 mM MgSO,, and four units of Vent@ DNA polymerase (Biolabs) with the manufacturer's buffer system. The PCR primers were: primer 1, 5'-ATGGCTGAAAACT-CAGGCTGG-3' (primer 1 is based on a conserved region at the 3'-end of the second intron); and primer 2, 5'-GCGGGTAAAGGTTGTTTCTC-3' (primer 2 is based on a conserved region located at the 3'-end of the third exon). Amplified products were purified on agarose P  PB E  E  KE  PE  E  I  II  I  I  II  II  I of the PCR product resembles the 3'-end of the second intron and the third exon of the Rn. VCSAI and -A2 genes ( fig. 3 ).
Southern blot analysis of the R. rattus and R. norvegicus genomes has previously revealed that speciesspecific modifications of the VCSA gene copy number have occurred during Rattus speciation (Singer, Courty, and Rougeon 1995) . At least five VCSA genes, including three genes closely related to Rn. VCSAI, seem to be present in the R. ruttus genome. In order to characterize R. rattus VCSA genes, PCR amplifications were performed on R. ruttus total genomic DNA, using primers designed from conserved regions of Rn. VCSA genes. Three different products were obtained. Analysis of their nucleotide sequence indicates that these products likely originate from three different genes ( fig. 3 and table 1 ). Sequence comparison of the third exon of all the VCSA genes suggested that two R. ruttus genes are related to Rn. VCSAI and one is related to Rn. VCSA2 (table 1) . The novel VCS members were therefore named Rr. VCSAla, Rr. VCSAlb, and Rr. VCSA2. The previously cloned Rr. VCSAl cDNA and the Rr. VCSAla genomic fragment only differ in the third exonic region by two nucleotide changes. These sequences were considered to represent two allelic forms of the Rr. VCSAla gene, namely the VCSAla*l (cDNA clone) and VCSAla*2 (genomic clone) alleles. Strikingly, the sequence similarity is higher in the intron than in the exon (table 1) .
Analysis of the Coding Sequences of the VCSA Genes
Rn. VCSAI, Rn. VCSA2, and Rr. VCSAla are expressed in the submandibular gland (SMG) either at a high level in the adult male (Rn. VCSAI; Rosinski-Chupin, Tronik, and Rougeon 1988) or at the same level in both sexes before (Rn. VCSAZ, unpublished data) or after (Rr. VCSAla; Singer, Courty, and Rougeon 1995) puberty. At present we do not have experimental data concerning the expression of the other genes. A gene is generally classified as a pseudogene, based on the presence of an in-frame stop codon or a non-sense codon. In our case, the open reading frame (ORF) is the same for all the VCSAI genes while the other genes display shorter ORFs due to an internal stop codon (Rn. VCSA2, Rr. VCSA2, and Rn. VCSA3). However, these shorter ORFs may all encode proteins and in fact the shortest ORF (Rn. VCSA2) has been shown to be expressed. Finally, almost all indels are in multiples of three and this does not cause any frameshift mutations except at the end of the Rn. VCSAS ORE All these observations suggest that there is a selective pressure acting to conserve the ORF of the genes whose transcripts have not yet been demonstrated.
To standardize the nomenclature, the putative proteins encoded by the genes described above are designated using the SMRl name followed by the suffix Vx, where V corresponds to VCS and x corresponds to the TAAGCAATCCTCCTAClCAA~C~C~~G~~AGCAA TAAGCCATCCTCCTACTCAACTTCATTCCACAGAACAAGCAMTACAAAA TAAGCCATCCTCCTACTCAACTTCATTCCACAGAACAAGCAAATACAAAA TAAGCAATCCTCCTACTCAACTTCATTCCACAGAA~GCAAATACAAAA TAAGCCATCCTCCTACTCAACTTCATTCCACAGAACAAGCAAATACAI!@ TAAGCAATCCTCCTAATCAACTTCATACCACAGAACAAGCAAATACAAAA l t*** t******** ******** * ******t* l ******.*** tt ACAGATGCCAMATCTCCAACACTACTGCGACTACCCAAAATTCCACTGA ACAGATGCCAAAATCTCCAACACTACTGCGAATACCCAAAATTCCACTGA ACAGATGCCAAAGTCTCCAACACTACTGCGAATACCCAAAATTCCACKA ACAGATGCCA.WATCTCCAACACTACTGCGKTACCCAAAATUXTGA ACAGATGCCAAAATCTCCAACACTA~GCGAATACCCAAAATKCACTGA ACAGATGACAAAATCTCCAACACTACTGCGACTACCCAAAATTCCACTGA l ****** **** *************t**** *****************t TA-TTTTTGAAGGTGGTGGCAAAUTAAATTCCTTTTGGCAGTTAGAAT TA-TTTTTGAAGGTGGTGGCAAA~CMATTCCTTTTGGCAGITAGAAT TA-TTTTTGMGGTGGTGGCAMATAATAAATTCCTmGGCAGrT TA-TTTTTGAAGGTGGTGGCAAATAATAAATTCCTTTAGGCACTTAGAAT TA-TTTrTGAAGGTGGTGGCAMTAACAAATTCCTlTTGGCA~TAGAAT TACTTTTj.j.AGGTGGIGGCAAATAATAAATTCCTmGGCAmAT ** t**t*********t**t****** ***t*tt*** l *** I****** AGCATAAATCAAAACACTGTGTAGmTGGGGCGAAATAATCTTTAMGGC AGCATAAATCAAAACACTATGGAATTTTGGGAGAATCTAGGC AGCATAAATCAAAACACTGTGTAGTTrXGGAGAAATAATCTllMAGGC AGCATAAATCAAAACACTGTGTAATTTTGGGAGAAATAATCTTTAAAGGC AGCATAAATCAAAACACTGTGTAUlTTGGGAGAAATAATCTTrAAAGGC AGCATAAATCAAAACACTGTGTAATTTTGGGAGAAATAATCTTGAAAGGC l *t*************t. l * * ****.** ****.****t* l ***** TT Tl TT Tl TT TT ** gene name (fig. 4) . We have previously shown that Rn. VCSA I codes for a prepro-protein (Rn. SMR 1 -VA 1) containing a signal peptide of 22 amino acids (RosinskiChupin, Tronik, and Rougeon 1988; Rougeot et al. 1994) . The complete sequences of Rn.SMRI-VA2 ( fig.  4) and of Rr.SMR 1 -VA 1 a* 1 (Singer, Courty, and Rougeon 1995) reveal a conservation of this peptide. Where only the sequence of the third exon is available, the last four amino acids of the signal peptide are conserved (except for Rn.SMRl-VA3) ( fig. 4 ). This suggests that the predicted proteins are also secretory proteins. The carboxy-termini of all the SMRl-VA1 proteins are identical; this is not the case for the SMRI-VA2
and -VA3 proteins due to a number of point mutations which introduce different premature stop codons.
It has recently been demonstrated that Rn.SMRl-VA1 is the precursor of the hexapeptide RQHNPR and of the pentapeptide QHNPR, derived from the N-terminal part of the pro-protein. The cleavages occur either between or following pairs of basic residues with ArgArg bonds as processing signals (Rougeot et al. 1994) . Although the first Arg-Arg processing site is conserved in all the SMRI proteins, the second site shows greater variability and may be either a dibasic (Arg-Lys) or a tribasic (Arg-Arg-Arg) site ( fig. 4) . As discussed elsewhere (Singer, Courty, and Rougeon 1995) , these modifications do not change the sequence requirements for processing. Therefore, a processing of the predicted proteins could generate similar penta-(QHN(P/L)R) and hexa-(RQHN(P/L)R) peptides. Downstream of this conserved region there are numerous changes in the amino acid sequences due to point mutations or indels of short nucleotide sequences. A striking feature is the variability in potential processing sites (fig. 4) . Indeed, Rn.SMRl-VA1 is also processed in vivo at a Pro-Arg site (unpublished data). This processing liberates an intermediate peptide of 37 residues spanning from the hexapeptide scission site to the Pro-Arg scission site. While conserved in all the SMR 1 -VA 1 proteins, this cleavage site is not present in the SMRl-VA2 and -VA3 sequences. Conversely, a Pro-Arg site is present 38 amino acids upstream of the C-terminal end of Rn.SMRl-VA3; this potential processing site is also found in Rr.SMRl-VA 1 a,b and Rr.SMRl -VA2. In Rn.SMR 1 -VA2, another putative cleavage site (Arg-Arg) is located 10 amino acids downstream of the tetrapeptide (QHNP).
Phylogeny of Rattus VCSA Sequences
A phylogenetic tree was constructed from the VCSA exon 3 sequences by the neighbor-joining method (Saitou and Nei 1987) using distance values estimated by Kimura's two-parameter method (Kimura 1980 ). This tree has a topology identical to the topology of the trees presented in figure 5 . The confidence of the tree was evaluated using the bootstrap method. The internal branches occurred in 999/1,000 and in all 1,000 bootstrap replicates.
Nucleotide substitutions between two coding sequences can be classified as either nonsynonymous (replacement) or synonymous (silent), depending on whether or not they alter the protein sequence. In pairwise comparisons of the VCSA genes, we estimated the rate of synonymous substitution per synonymous site (Ks) and the rate of nonsynonymous substitution per nonsynonymous site (KA) in the region coding for the pro-protein SMR 1. We used the Li method (Li 1993 ) to estimate K, and K,., (table 2) . In all cases, KA is higher than K, but this difference is not statistically significant except for two comparisons involving Rn. VCSA3. Values of the K,IK, ratio range from 0.55 to 0.98. These values are much lower than those seen in most rodent genes. Indeed, the ratio between the mean synonymous and mean nonsynonymous divergence in the rodent genes and in the VCSA genes are 7.1 and 0.67, respectively. Interleukin-3 is the only reported gene (out of 363) for which K, < KA (Wolfe and Sharp 1993) . calculated the synonymous and nonsynonymous changes along isolated and internodal branches of neighbor-joining trees constructed on the basis of K, and KA. Along almost all branches, the nonsynonymous substitution rate is higher than the synonymous substitution rate (fig. 5~) ; thus, the K,/K, ratio is lower than 1, except for the Rr. VCSAla progenitor (fig. 5b) .
If we assume that the B and C events parallel divergence of the species, absolute rates of evolution for VCSAal and -A2 in the two species can be estimated along SP branches based on the date of the speciation which was previously determined to be 2.1 Myr before present. This divergence date was calculated assuming a mean synonymous substitution rate of 11.2 X 10m9 changes/site/yr in rodents and that the rat/mouse divergence occurred 10 million years ago (Catzeflis et al. 1993) . The absolute synonymous divergence values (table 3) estimated along SP for four genes (except Rn. VCSAl) are roughly two times higher than the mean synonymous substitution rate in rodents. Assuming that the rate of 22.9 X IO-' changeslsitelyr was steady along the R. ruttus VCSAI branches (SP), the duplication event (D) giving rise to Rr. VCSAla and Rr. VCSAIb was dated from 0.39 Myr before present. To determine whether the VCSA genes have Along SP, the nonsynonymous substitution rates evolved at an identical rate during Rattus speciation, we range from 16.7 X 10m9 (for Rn. VCSAl) to 34.3 X lo-" (for Rn. VCSAZ) changes/site/yr (table 3) . Thus, the Rn. VCSA2 rate is about three times higher than the mean synonymous rate in rodents. Although exceptional, this rate would be smaller than the DP rate of RI-. VCSAlh (43.6 X I 0m9 changes/site/yr) assuming that the R. ruttus VCSAl duplication event occurred at 0.39 Myr before present. This represents a 2.8-fold increase of the nonsynonymous rate following duplication (SD rate of Rr. VCSAI progenitor = 15.8 X lo-" changes/site/yr) while Rr. VCSAla displays a 1.8-fold increase (DP rate = 28.2 X IO y changes/site/yr).
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and hexapeptides (RQHN(P/L)R). Although clearly homologous, the predicted precursors display substantial differences both in their primary structure and in potential processing sites. This polymorphism in cleavage sites could result in the production of intermediate peptides and C-terminal peptides, differing in structure and in length. Several cases have previously been described of prohormones giving rise to multiple bioactive peptides with distinct peptide sequences (Loh, Brownstein, and Gainer 1984; Fisher and Scheller 1988) .
Discussion
In the present paper, we have described the molecular cloning of genes belonging to the A subclass of the VCS multigene family in two species of rat. All these genes potentially encode precursors of similar penta-
The phylogenetic analysis of the nucleotide sequences suggests that the different VCSA genes arose by gene-duplication events before and after the R. nor-wgicus and R. ruttus split. Since the exon encoding the pro-proteins is more divergent than the other parts of the genes (Courty, Rosinski-Chupin, and Rougeon 1994; Nonz-The number of synonymous changes per synonymous sate (PCs) is shown above the diagonal, whk the number of nonsynonymous changes per nonsynonymous site (KA) is shown below the diagonal; standard errors are in parentheses. The values were calculated using the ahgnment gwen in Figure 2 .
* Difference between K, and KA is significant at the 5% level.
h Difference between KS and KA is significant at the 10% level. Tronik-Le Roux, Sefiorale-Pose, and Rougeon 1994), the VCS family, and in particular the VCSA subfamily, represents an unusual example of molecular evolution. Our present analysis reveals some variations (up to 2.4-fold) in the synonymous substitution rate of a given VCSA gene in the two species of rat and of VCSA-paralogous genes in the same species. The differences in the synonymous substitution rates could represent stochastic variations in the neutral rate of evolution but previous studies have shown that the frequencies of synonymous substitutions for different genes are remarkably different (up to 20-fold range for mammalian genes; Wolfe and Sharp 1993) , and various explanations have been proposed. Although it is now apparent that different intensities of selection of alternative synonymous codons lead to variations in synonymous substitution rates among genes in the genomes of bacteria, fungi, and insects (reviewed in Sharp 1989), in mammalian genes, almost all silent sites seem to be free to accept nucleotide substitutions (Eyre-Walker 1991; Wolfe and Sharp 1993) . Thus, variations in synonymous rates among mammalian genes may be due to local variations in the mutation rate. The possibility that different frequencies of synonymous substitutions in different genes depend upon the G+C isochore families (Bernardi et al. 1985) in which the genes are located has recently been ruled out (Mouchiroud, Gautier, and Bernardi 1995) . However, other observations have provided indications that the frequency of synonymous substitutions is region-or gene-specific (Wolfe, Sharp, and Li 1989; Mouchiroud, Gautier, and Bernardi 1995) . Furthermore, several studies have established that damage and repair are not randomly distributed over segments of chromatin DNA. Higher-order chromatin structure, the positioning of nucleosomes and of sequence-specific binding proteins, the torsional strain on the DNA induced by transcriptional activity or by non-B DNA structures, and the base composition are expected to affect mutation rates in different domains (reviewed in Boulikas 1992). Therefore, a possible explanation for the differences observed here is that the VCSA genes are not embedded in identical chromatin structure. For orthologous genes this could have occurred, for example, assuming that species-specific recombinations had altered the surrounding regions.
As the ratio of synonymous substitutions (KS) to nonsynonymous substitutions (KA) appears to be independent of local mutation rate differences, this ratio is considered to provide a measure of the degree of selective constraint on a protein sequence. When comparing related sequences, it is generally found that KS is greater than KA (Li, Wu, and Luo 1985; Wolfe and Sharp 1993) . This is considered to be due to selection against the amino acid replacements that disrupt the existing structure and function of the protein (Kimura and Ohta 1974; Kimura 1983, pp. 34-54) . The VCSA gene subfamily shows very low KS/K, ratio both in pairwise comparisons of VCSA genes and along the lineage leading to the present genes. When a statistical analysis was performed, the K, and K, values were not found to be significantly different except in two pairwise comparisons. Thus, in almost all cases, we cannot reject the hypothesis of the ratio being 1. If we assume a stable function of the proteins during a long time period, a ratio of 1 would imply that the nonsynonymous substitutions are essentially neutral. In this case, the extent of amino acid replacements could suggest that no selective constraint is exerted on the precise sequence of the SMRl proteins. This interpretation has been proposed for other hypervariable salivary proteins (Dickinson et al. 1988) . However, it is difficult to understand how a protein function can be independent of a delined amino acid sequence and what the adaptative interest is to fix duplicated genes coding for such proteins. An alternative explanation for ratio values roughly equal to I is that frequent modifications of the function(s) of the SMRl proteins have occurred and that sufficient time has not passed between each change to see the effects of the purifying selection. Since their appearance, mammals have colonized all countries, exploiting different habitats and diets. It is reasonable to speculate that as the various genera evolved and as new species adapted to different environments, the salivary proteins involved in nutrition, water homeostasis, thermoregulation, or defense against microbial infections have undergone changes resulting in modulation of function.
According to the strict neutral theory of evolution (Kimura and Ohta 1974; Kimura 1983, pp. 34-54) , a scenario for the evolution of protein function has been proposed (Kimura 1983 (Kimura , pp. 34-54, 1991 . After liberation of preexisting purifying selection, consecutively, for example, to gene duplication, there was a sudden increase of nonsynonymous neutral mutations in some part of the protein under relaxed selection. Some of the accumulated neutral mutants turned out to be useful in a new environment and then were submitted to a new purifying selection. In this scenario, the nonsynonymous substitution rate can only be equal (KS/K, = 1) or inferior to the synonymous substitution rate (KS/K, > 1). At present, there are increasing instances where diversifying selection has been proposed to be driving the evolution of certain genes (Hill and Hastie 1987; Hughes and Nei 1989; Jolles et al. 1989; Borriello and Krauter 1991; Lee and Vacquier 1992; Hughes and Hughes 1993; Johannes and Berger 1993; Sabatini, Ota, and Azen 1993) . Recently, the long-term effects of changes of genetic and external backgrounds have been examined using a nearly neutral mutation model (Ohta and Tachida 1990; Tachida 1991) . This model, which incorporates both random genetic drift and weak selection, suggests that following changes of selection forces, major improvements of a protein can rapidly occur in early generations through a few advantageous mutations. In later stages, both advantageous and neutral (including slightly deleterious) mutations are fixed. If enough generations have passed and the proportion of nearly neutral or neutral sites is large so that contributions from quick adaptation is negligible, amino acid substitution occurs at a constant rate and the evolutionary pattern is quite similar to that in the completely neutral case. According to this dynamic view, the Ks/KA ratio must fluctuate from a value <l during the initial step of improvement to a value > 1 if enough generations have passed without a novel change of selection forces. This model predicts the existence of stages of rapid fixation of advantageous mutations. Although we cannot determine among the nonsynonymous substitutions which would be the advantageous ones, both the acceleration of the nonsynonymous substitution rate and the K,IK, ratio value of 0.53, observed for Rr. VCSAIb following duplication, seem consistent with this prediction. This would not be an isolated case, as a KS/K, ratio value <l appears along various branches of the phylogenetic tree. Here, it should be noted that the "quick" adaptation was expected to occur in less than I to 10 Myr (Tachida 1991) , a time period similar to the age of the VCSA members. On the other hand, through Monte Carlo simulations on evolution of a diversified multigene family, Ohta (1991) showed that positive Darwinian selection is needed for increasing the number of active genes. The existence of positive Darwinian selection at the molecular level could explain that the exon encoding the pro-proteins is more divergent than the other parts of the VCS genes. However, the analysis is complicated by the possibility that horizontal sequence exchange may have occurred within the gene family following gene duplication.
Finally, the VCSA subfamily reveals an unusual situation, with rates of nonsynonymous substitutions equal or superior to the synonymous rates. It seems likely that divergence in amino acids results from various mechanisms, including natural selection, random genetic drift, point mutation, and gene conversion, as emphasized for other gene families (Wines et al. 1991; Ohta 1994 ). In our opinion, the low values of the K,IK, ratio observed for the VCSA genes are the consequence of the recent emergence and expansion of the gene subfamily in a context of rapid fluctuations of selection forces.
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